Findings {#Sec1}
========

Introduction {#Sec2}
------------

The human gastrointestinal tract is a complex ecosystem with 10--100 trillion microorganisms (gut microbiota) \[[@CR1]\], that play a major role in the body's biochemical activities. Studies have demonstrated that gut microbiota can influence numerous aspects of human biology, and alterations in its function and composition (dysbiosis) have been suggested to play a role in pathogenesis of diverse human illnesses such as chronic inflammation, diabetes mellitus, obesity, and cardiovascular diseases \[[@CR2], [@CR3]\]. Recently, there is a growing body of evidence that dysbiosis occurs in patients with chronic kidney disease (CKD) leading to continued inflammation, and worsening cardiac and renal dysfunction \[[@CR4], [@CR5]\]. Thus, it is possible that affecting this dysbiosis through probiotic interventions could impact renal function.

The United States Food and Drug Administration (FDA) defines yogurt as food produced by culturing dairy ingredient with lactic acid-producing bacteria. To meet the National Yogurt Association\'s criteria for "live and active culture yogurt," the finished product must contain at least 10^8^ bacterial organisms per gram \[[@CR6]\], making it the most commonly used source of probiotics. Some studies have shown favorable clinical outcomes of yogurt consumption probably through its effect on the gut microbiota \[[@CR7]\]. We hypothesized that frequent yogurt consumption would be associated with better kidney parameters.

Methods {#Sec3}
-------

### Study population and survey {#Sec4}

This study utilized cross-sectional data from the 1999--2012 US National Health and Nutrition Survey (NHANES). We utilized the Food Frequency Questionnaire (FFQ, 2003--2006), and Dietary Supplement Use 30-Day (DSQ, 1999--2012) to evaluate both yogurt and probiotic consumption in participants ≥18 years and its association with renal function and disease states. The NHANES program is approved by the NHANES Institutional Review Board (IRB), and the NCHS Research Ethics Review Board (ERB) (after 2003).

We extracted frequency of yogurt use from the FFQ. We divided yogurt consumers based on their weekly consumption into "frequent", defined as three times or higher weekly, and "infrequent", defined as less than three times weekly. We extracted probiotic use from the DSQ using text search terms. Thus, we had two distinct cohorts; one with data on probiotic use from 1999 to 2012 (referred to as P cohort) and another one with both yogurt/probiotic use from 2003 to 2006 (referred to as YP cohort).

We calculated estimated glomerular filtration rate (eGFR) using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formulae. We defined an eGFR-based outcome of eGFR \< 60 ml/min/1.73 m^2^ and albuminuria-based outcome of urine albumin creatinine ratio (UACR) \> 30 mcg/mg based on previously established cutoffs.

### Statistical analysis {#Sec5}

Continuous variables were analyzed using analysis of variance and *t* test when appropriate, and categorical variables using chi-square test. We evaluated the association between frequent yogurt consumers in the YP cohort and probiotic use in the P cohort with the eGFR and albuminuria outcomes individually and as a composite (albuminuria or eGFR \< 60 ml/min/1.73 m^2^) using multivariable logistic regression models after adjusting for confounding factors we determined *apriori* (Table [1](#Tab1){ref-type="table"} footnote). We performed all analyses using SPSS® (2012. IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY: IBM Corp).Table 1Association of yoghurt/probiotic and probiotic alone with renal parametersYoghurt and probioticsProbiotics aloneUnadjusted OR (95 % CI)*P*Adjusted OR (95 % CI)*P*Unadjusted OR (95 % CI)*P*Adjusted OR (95 % CI)*P*All CKD0.72(0.60--0.87)\<0.0010.76 (0.61--0.94)0.010.89 (0.64--1.25)0.510.74 (0.51--1.08)0.12Albuminuria0.65(0.51--0.83)\<0.0010.74 (0.57--0.95)0.020.63 (0.40--0.98)0.040.59 (0.37--0.94)0.03CKDIII and above0.82(0.65--1.04)0.100.84 (0.62--1.12)0.221.29 (0.86--1.94)0.220.95 (0.59--1.54)0.84Models adjusted for age, gender, race, hypertension, diabetes mellitus, body mass index, glycosylated hemoglobin A1C, socioeconomic status (defined as poverty income ratio), duration of probiotic/yoghurt use and medications(Angiotensin Converting Enzyme Inhibitor; Angiotensin Receptor Blocker; Statins and Insulin)

Results {#Sec6}
-------

Of the 41,243 adult participants, complete covariate data was available for 6853 in the YP cohort (2003--2006) and 32,749 in the P cohort (1999--2012). In YP cohort, frequent consumers were of similar age as infrequent consumers, but with better socioeconomic status, more females and non-African Americans, and with less comorbid conditions. While probiotic users in the P cohort were older, they were of better socioeconomic status compared to nonusers, with higher usage frequencies among females and non-African Americans but with no significant differences in the comorbid conditions (Additional file [1](#MOESM1){ref-type="media"}: Table S1).

In the YP cohort (2003--2006), 1316(19.2 %) participants were found to have the combined outcome (eGFR \< 60 ml/min/1.73 m^2^ or albuminuria). FYP consumers had lower adjusted odds of developing combined outcome compared to infrequent consumers (OR = 0.76; 95 % CI = 0.61--0.94). When we evaluated the association in regards to albuminuria and low eGFR separately, 803 (11.7 %) of participants had detectable albuminuria (Median = 66.5, IQR = 41.4--156.2). FYP consumers had lower odds of albuminuria compared to infrequent consumers (OR = 0.74; 95 % CI = 0.57--0.95). There was a nonsignificant trend towards decreased odds of low eGFR among FYP consumers compared to infrequent consumers (Table [1](#Tab1){ref-type="table"}). Participants frequently consuming yogurt/probiotics were found to have less urinary albumin excretion when compared to infrequent consumers. This trend was statistically insignificant due to the non-normality in distribution, when the logarithmic values were analyzed a statistically significant difference was found between the groups (Additional file [2](#MOESM2){ref-type="media"}: Table S2). No difference was found in the estimated glomerular filtration rate between the two groups. To further confirm these findings, we compared the frequent consumers with a subgroup of infrequent consumers (those consuming yogurt less than once a month) and found similar results (aOR = 0.73; 95 % CI = 0.59--0.98, and a OR = 0.8; 95 % CI = 0.65--0.98 for albuminuria and all CKD respectively). No statistically significant difference was found in regards to CKD stage III and above.

When we evaluated association of probiotic use alone with the above-mentioned renal outcomes, probiotic users were found to have a lower adjusted odds of albuminuria compared to nonusers (OR = 0.59; 95 % CI = 0.37--0.94), although there was no association with low eGFR (Table [1](#Tab1){ref-type="table"}).

Discussion {#Sec7}
----------

Using NHANES data we found an inverse association of frequent yogurt/probiotic consumptionand albuminuria in a large, nationally representative general population sample. The associations remained after adjustment for several important predictors and confounders. Previous studies have evaluated the effects of probiotics on renal function and the progression of renal disease by performing short term randomized trials and demonstrated decreased blood urea nitrogen (BUN) levels \[[@CR8]\]. Moreover, these studies demonstrated that probiotics decreased inflammatory markers and increased antioxidants that suggest a possible mechanism for beneficial effects of probiotic use. In CKD, dysbiosis and translocation of gut microbiota may occur leading to a continuous inflammatory status \[[@CR4], [@CR5]\]. At the same time, certain bacterial products, such as trimethylamine N-oxide \[[@CR5]\], p-cresol \[[@CR9]\], and indoxyl sulfate \[[@CR10]\] have been reported to have direct toxic effects on podocytes and renal tubules through different mechanisms.

Limitations of our study include a relatively small sample size due to the infrequent probiotic supplement usage, thus the trends found in our analysis for less risk of low eGFR might have been statistically significant in a larger sample size. Since our analysis is cross-sectional in nature, we cannot deduce temporality or causation. Though we cannot discount the healthy-user effect (frequent yogurt consumers follow an overall better and more balanced dietary habits and are healthier and have less dietary restrictions compared to infrequent consumers) as a possible confounding factor, we have adjusted for socioeconomic status, comorbid and demographic factors in an attempt to account for it. Another limitation is since NHANES is largely comprised of healthy individuals, the frequency and severity of albuminuria and low eGFR is low, thus it is difficult to show strong associations between yogurt and probiotic consumption due to ceiling effects and narrow range of pathology. Thus, these findings are merely hypothesis-generating results and further translational studies should be performed to further delineate the relationship between yogurt/probiotics and kidney dysfunction, as well as microbiome and dysbiosis as potential mediators.
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